The present study aimed at analyzing the publication pattern of highly cited research publications of Internet of Things. Web of Science citation database was used to extract data for the study. The top fifty highly cited publications were considered as the sample of this study. The data were analyzed based on publication year, document type, source title, time cited, usage count, authorship pattern, collaborative coefficient, research collaboration, and research areas. The findings revealed that majority of the publications were research articles and most of them were published in IEEE journals. Research articles written by multiple authors were more prominent than single-author publications. Researchers from USA and China preferred collaborative research and researchers from Italy preferred noninternational collaborative research. The researchers from developed western countries are highly engaging with research in Internet of Things. The most popular research areas under Internet of Things are computer science and telecommunication.
Introduction
The Internet has grown a lot in the recent years as more people make use of the web to access numerous content and to perform diverse tasks (Mishra et al., 2016) . This has made the machines and devices to interact with each other in order to create a robust connection between them (Miorandi, Sicari, De Pellegrini, & Chlamtac, 2012) . These devices also connect the physical world with the cyber world, which eventually gave birth to the rise of cyberphysical systems (CPS) (Poovendran, 2010) . Four technologies comprise CPS: automation of knowledge work, Internet of Things, advanced robotics, and autonomous/near-autonomous vehicles (Mishra et al., 2016) . Internet of things (IoT) is "the combination of embedded technologies, wired and wireless communications and low cost sensing devices on the Internet" (Barnaghi & Sheth, 2014) . It came into reality when the Internet based service architecture used the concept of IoT in 1999 (Ashton, 2009) .
Assessing the impact of publications based on citations determines the control of growth over a particular field (Bauer, Leydesdorff, & Bornmann, 2016) . As a result, research that have greater impact allows the analysis of the highly cited source, authors and institutions at the time of the study (Bornmann, 2014) . Web of Science permits widespread citation search that allows in-depth investigation of academic and scientific sub-disciplines.
Web of Science (WoS) is one of the prominent citation database, which index and abstract the high impact journals. It provides access to the "most reliable, integrated, multidisciplinary research connected through linked content citation metrics from multiple sources within a single interface" (Clarivate Analytics, 2018) . WoS Core Collection indexes include Science Citation Index Expanded (SCI-Expanded), Social Science Citation Index (SSCI), Arts & Humanities Citation Index (A&HCI) and Emerging Sources Citation Index (ESCI) (Clarivate Analytics, 2017d) . Researchers can search the WoS database using various fields, some of the fields as follows; title, author, digital object identifier (DOI), publication year, publication name, document type and address.
Scientometrics is the "quantitative study of science, communication in science and science policy" (Hess, 1997, p.75) . It helps to measure the research trends, the impact of research publications and authorship and collaboration patterns. Universities, governments, policymakers, researchers and librarians are using scientometrics to evaluate the research performance. Hence, the main aim of this study is to analyze the publication pattern of highly cited research publications in IoT using scientometric techniques.
Research Objectives
The main objective of this study is to ascertain the top 50 highly cited articles related to IoT in order to provide the researchers, scientists and practitioners a compilation of "citation classic" about IoT research. The other inter-linked objectives were to: i. Analyze of publication characteristics such as year of publication, citation counts, source tiles, usage counts, core research areas ii. Find out the authorship and collaboration patterns
Literature Review
According to the literature, numerous researchers have been engaged with analyzing highly cited publications about different research areas such as, Medicine (Jia, Ding, Wu, He, & Ruan, 2015; Tao et al., 2012; Vielgut, Dauwe, Leithner, & Holzer, 2017) ; Engineering (Mo, Fu, & Ho, 2018) ; Environmental Science and Ecology (Parker, Allesina, & Lortie, 2013) ; Horticulture (Kolle, Shankarappa, & Ho, 2017) ; Library and Information Science (Levitt & Thelwall, 2009 ) and Politics (Ho & Hartley, 2017) . However, scientometric studies on IoT are very rare (B. Gupta, Dhawan, & Gupta, 2015; Mishra et al., 2016; Ruiz-Rosero et al., 2017) In 2015, B. Gupta, Dhawan, & Gupta, conducted a scientometrics examination of IoT research publications using Scopus database for a period of ten years (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . The results revealed that there were 6800 publications with an annual average growth rate of 98.63%. China had the maximum publications globally and computer science was the core subject; further, analysis of journals, highly cited papers and organizations were discussed (Gupta et al., 2015) . The analysis of highly cited publications by India in the field of computer science highlighted that India's share among the world output is very low, which is a real cause for concern. It is also suggested that multi-institutional collaboration is essential to publish high quality and impactful research in the field of computer science (Gupta & Dhawan, 2017) .
In 2016, Mishra and a group of researchers analyzed the research publications of IoT for a period of 16 years; they identified the top authors, key research areas and most influential works based on citations and page rank (Mishra et al., 2016) . They have used the Scopus database to extract the data. Furthermore, Ruiz-Rosero et al. (2017) conducted a scientometric study on IoT research output using Scopus and WoS databases, considering publications over 15 years (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . They have analyzed the country affiliation of the first author, most published authors and research areas. According to their study, top research areas are applications, communication protocols, software processing, hardware and operating systems (RuizRosero et al., 2017) .
Further, there are plethora of research explaining the technologies, vision and architecture of IoT but only a handful within the scientometrics context and none analyzes the highly cited publications of IoT. Hence, this study will help to identify the 50 highly cited research publications related to IoT and it will help researchers, scientists and practitioners to identify the extensively addressed IoT related research areas. In addition, this study will help in identification of research gaps and under-representing research areas that need to focus on future research.
Methodology

Search Strategy
The Web of science core collection was searched for the keyword "Internet of Things" or "IoT" on January 15, 2018. Phrase searching of keyword was used to ensure relevancy of publications. There were 1844 publications during the period of 29 years and they were sorted according to their decreasing order of citations received for each publication. Consequently, a list of top 50 publications was selected with direct reference to the topic.
Data Analysis
Each of the fifty articles was separately examined for their bibliographical details to create a list compiling of the title of publication, source titles, citation counts, usage counts, document types, research areas, authorship, collaborative coefficient, and collaborative pattern. All these details were tabulated separately and their impact, trends and patterns were analyzed. Table 1 demonstrates the source wise distribution of highly cited publications in IoT. These top 50 highly cited publications are published in 27 journals. It is evidently noticed that publications with highest citations are mostly published in IEEE journals (24 out of 50). 'Computer Networks', 'IEEE Internet Computing' and 'IEEE Transactions' has the maximum number of publications with four per each. 
Results and Discussion
Source Titles
Year wise Distribution of Publications
Document Type
According to the WoS database, the top cited research on IoT has been published as articles, article; proceeding paper, editorial material and reviews (Figure 2 ). Among them, the large majority (88%) of research were published as articles.
Figure 2. Document type of publications
Time Cited
The Time Cited value give the "number of articles in the database that cite the current article" ( 
Usage Count
The usage count of an article reflects the number of times that a full-text article has been accessed or saved within given period (Clarivate Analytics, 
Authorship
Research publications written by multiple authors were more prominent than single-author publications. There were only five out of 50 single author publications. There were 15 four-author publications followed by 13, threeauthor publications. Where: CC -Collaborative coefficient N -Total number of research publications in a discipline within certain period of time k -the greatest number of authors per paper in a discipline fj -the number of j authored research papers published in a discipline within a certain period of time Collaborative coefficient (CC) is a value between zero and one. If single author articles are dominating CC is close to zero and if jointly authored articles are dominating CC is close to one. Hence, higher the CC value there are more multi or mega authored papers (Ajiferuke et al., 1988) .
According to the considered publications in this study, N is equal to 50 and k equal to 10. Hence, CC for the present study is 0.66, which indicates majority of top cited articles are multi-authored.
International Collaboration
The collaborative pattern of publications indicates that, majority of researchers prefer collaborating with their colleagues when compared to international collaboration (Table 3) . Meanwhile, there were 17 publications with two countries collaboration, seven publications with collaboration between three countries and a single publication with collaboration between four countries. The research article titled 'A Survey on Facilities for Experimental Internet of Things Research' published in IEEE Communications Magazine in 2011 was a research product of four countries collaboration between England, USA, Italy and Germany. Countries with non-collaborative research publications with researchers outside their country is also important. There were eight research publications from Italy followed by four from Australia and USA respectively. England, Germany, India and Switzerland had a single noncollaborative publication from each country. Figure 6 illustrates the research collaboration between two countries. There were two publications with collaboration between USA and China. Furthermore, USA and China were the countries with highest collaborations, which have collaborations with five different countries. England and Germany have collaborations with four countries and three countries respectively.
Figure 6. Two countries collaboration
Research Areas "Research areas constitute a subject categorization scheme that is shared by all WoS product databases" (Clarivate Analytics, 2017b) . The following word cloud (Figure 7) illustrates the research areas covered by top cited articles.
Figure 7. Research areas
The top cited IoT publications could divide into main five research areas; computer science, telecommunications, engineering, automation & control systems and science & technology-other topics (Figure 7 ). Among them, 49 publications were related to computer science. There were 28 publications related to telecommunications followed by 22 publications related to engineering.
WoS Categories
Every journal and book covered by WoS Core Collection has been categorized into at least one subject category (Web of Science, 2017). WoS categories provide more in-depth classification than research areas ( Figure  8 ). According to WoS categories, the highest number of publications (28) were related to telecommunications followed by computer science, information system (22) and engineering, electrical & electronic (18).
Figure 8. WoS categories
Conclusion
This study aimed at analyzing the highly cited papers related to IoT in order to deliver the researchers, scientists and other practitioners to create a list of citation classic to read about the widely accepted scientific research related to IoT. According to results, year 2011 and 2014 were identified as the years with the highest number of highly cited publications. Research articles were the most popular way of presenting research findings. Based on the publication pattern, most of the researchers from the USA and China like to do collaborative research with researchers from other countries. The researchers from developed western countries are highly engaging in IoT research.
Results of CC indicated that researchers like to work as a group than individually in publishing articles. Most of IoT research are mainly coming under computer science field followed by telecommunication. Most of top cited IoT research are computer-based studies.
This kind of bibliometric study gives a portrait of the commonly cited articles in their specific field. Although citation counts can be manipulated by means of self-citations, sub-publications (Ahmad, Evangelopoulos, Abbasian, Röder, & Kohl, 2014) and citing poor research (Nieminen, Carpenter, Rucker, & Schumacher, 2006) . Despite of these limitations, still it is one of the best ways to assess the impact of scientific research (Ahmad et al., 2014) .
